Abstract -The Malpighian tubules of the hemipteran, Triatoma infestans, grow through endopolyploidy. As a result, the number of tubule cells is constant throughout nymphal development and adult life, and nuclei with 32 C and 64 C Feulgen-DNA classes are maximally reached through DNA endoreplication. Feulgen-DNA classes > 64 C, with resulting giant nuclei, may occur only through nuclear and cellular fusions, elicited by stressing agents such as heat shock and fasting. Although apoptosis has been reported in cells of Malpighian tubule epithelia, especially under stress conditions, the association between cell death and the degree of polyploidy resulting from different phenomena (either development or stress) has not yet been investigated. In this study, image analysis was used to estimate the Feulgen-DNA values of apoptotic nuclei in the Malpighian tubule cells of 5th instar nymphs of T. infestans subjected to heat shock at 40 o C for 1 h and fasted for 15 days before the shock. The susceptibility to apoptosis was unrelated to an exclusive degree of nuclear ploidy reached in Malpighian tubules by insect development or elicited by stress. The occurrence of apoptosis in the giant nuclei suggests that the nuclear and cellular fusion, previously assumed to be a mechanism of cell survival in blood-sucking hemipterans, may not be totally effective against stressful conditions.
INTRODUCTION
The number of cells in the Malpighian tubules of blood-sucking hemipterans is constant during their nymphal development and does not increase in adults (Mello 1978; Andrade and Mello 1987) . These organs increase in size by endopolyploidy and not by cell division (Mello 1971; 1975) , and their cells are characteristically binucleate (Mello 1978) , with nuclei of the same cell sometimes differing in their DNA-protein cytochemical properties and in the hycanthone binding affinity of their heterochromatic body (Simoni and Mello 1986; Mello and Vidal 1989) .
High degrees of ploidy attained by DNA endoreplication and corresponding to Feulgen-DNA classes of 32 C and 64 C have been observed in 5th instar nymphs of Triatoma infestans (Mello 1971; 1975) ; ploidy degrees evaluated in adults did not exceed 64 C (Mello and Raymundo 1977) . However, Feulgen-DNA classes higher than 64 C can be attained in the Malpighian tubules of this species by nuclear fusion induced by stress factors such as starvation and heat shock (Mello 1978 (Mello , 1989 . Giant nuclei generated by nuclear and cell fusion in the organs of blood-sucking hemipterans have been usually considered to be associated with survival mechanisms under unfavorable conditions (Wigglesworth 1967; Mello 1989; Garcia et al. 2002) . Nuclear fusion precedes cell fusion because the Malpighian tubule cells of hemipteran reduviids are binucleate (Mello 1978) .
Apoptosis plays an important role in eliminating most cells in which polyploidy is an unusual event caused by damage to the mitotic spindle during cell division. This occurs in mammals when polyploid cells do not overexpress the apoptosis-inhibiting protein Bcl-xL but show attenuated p53 activity (Minn et al. 1996) . In other cases, such as in certain fibroblast cell lines, p53 expression is not essential for triggering the apoptotic response in the absence of the mitotic spindle (Casenghi et al. 1999) . Polyploidy is frequently seen in normal and diseased mammalian liver. Hepatocytes in high ploidy classes show progression towards terminal differentiation and cellular senescence, with an increased probability of apoptosis (Gupta 2000) . However, when examining responses of liver polyploid cells to in-flammatory cytokines such as interferon gamma (IFN-gamma), diploid, tetraploid, and octoploid hepatocytes are equally susceptible to IFNgamma-induced apoptosis (Martin et al. 2002) . No comparable data exist for invertebrate cell, although insect Malpighian tubules may also be involved with detoxifying mechanisms (layered "concretions" − Mello et al. 1995) .
Apoptosis has been reported in the epithelial cells with either usual normally-sized nuclei or giant nuclei in Malpighian tubules of the bloodsucking hemipterans T. infestans and Panstrongylus megistus under stress conditions such as heat and cold shocks (Garcia et al. 2000a,b; Mello et al. 2001; Campos et al. 2002) . Under 7 days after a 1 h heat shock at 40 o C, ca. 28 normally-sized epithelial cell nuclei and 3 giant nuclei were affected by apoptosis in the Malpighian tubules per specimen (0.39 and 0.04%, respectively (Mello et al. 2001) . The nuclear images of apoptosis reported in these cases agreed with the typical morphological features (nuclear shrinkage, chromatin condensation, apoptotic vesicles) described in T. infestans by Mello and co-workers (2001) and in classical papers by Kerr et al. (1972) and Gerschenson and Rotello (1992) for other cell types (thymocytes, tumor cells). However, it has not yet been demonstrated whether cells with different polyploidies produced by DNA endoreplication during insect development or elicited by nuclear/ cellular fusion under stress conditions differ in their susceptibility to cell death.
In this study, the Feulgen-DNA content of apoptotic nuclei in Malpighian tubule cells of T. infestans was evaluated, in order to ascertain whether a relation exists between apoptosis and exclusive degrees of nuclear ploidy reached with development or elicited by stress. As a further goal, this study aims to verify whether giant nuclei seen in Malpighian tubules represent an efficient mechanism of cell survival in response to physiologically unfavorable conditions such as stress.
MATERIAL AND METHODS
Whole-mounted Malpighian tubules from 5th instar nymphs of T. infestans Klug reared in the insect laboratory at Sucen in Mogi-Guaçu (SP) were used under conditions that favored apoptosis (7 days after a 1 h heat shock at 40 o C - Mello et al. 2001) . The insects were fed once a week on hen blood and fasted for 15 days before the shocks.
The tubules were fixed in absolute ethanolglacial acetic acid (3:1, v/v) for 1 min, rinsed in 70% ethanol for 5 min, and tested through the Feulgen reaction (optimal acid hydrolysis conditions: 4 M HCl at 25 o C for 65 min). The tissues were then rinsed in three baths of sulfurous water and in distilled water, air dried, cleared in xylene and mounted in natural Canada balsam. The nuclei of fibroblasts pertaining to the basement membrane overlying the Malpighian tubules (Mello et al. 1973) and of muscle cells adhering to Malpighian tubule epithelial cells were used as controls for low ploidies.
Carl Zeiss/Kontron equipment and Kontron KS400 software (Oberkochen/Munich, Germany) were used for all analyses. The microscope images were obtained with a Zeiss Axiophot 2 microscope equipped with a Neofluar 40/0.75 objective, optovar factor 2, a 0.90 condenser and λ = 546 nm. The images to be processed were fed from the microscope into a Pentium computer through a Sony CCD-IRIS/RGB Hyper HAD color video camera. Under these conditions, 1 µm corresponded to 5.77 pixels. The software provided quantitative information on nuclear areas (µm 2 ), optical densities (absorbances) and integrated optical density (IOD = Feulgen-DNA values). Slides from three specimens were used. A total of 90 normal and 22 apoptotic polyploid nuclei of Malpighian tubule epithelium and 100 fibroblast plus muscle cell normal control nuclei were measured. The calculations and statistical comparisons were done using the Minitab12 ® software (State College, PA).
RESULTS AND DISCUSSION
General morphological aspects of the epithelial cell nuclei in Malpighian tubules and of nuclei of the basement membrane fibroblasts and of muscle cells adhering to the tubules analyzed here are shown in Figures 1-5 . Giant nuclei were observed in some Malpighian tubule regions (Figs. 1,  3) . Apoptosis affected the usually-sized polyploid nuclei (Fig. 2) as well as giant nuclei (Fig. 3) in the Malpighian tubules.
Feulgen-stained nuclei with low and high ploidies as seen at the image analyzer, and apoptotic aspects of differently polyploid nuclei are shown in Figures 6-8 . The Feulgen-DNA values for fibroblasts and muscle cells in contact with the Malpighian tubules in 5th instar nymphs were distributed in the doubling intervals of ∼ 9-18 and 18-36 arbitrary units (A.U.) (Fig. 9) . Conse-Figs. 1-5 -T. infestans whole-mounted Malpighian tubule preparations subjected to the Feulgen staining (1-3) and the Gö mö ri's acid phosphatase reaction (4, 5) for the purpose of identification of nuclear and cell phenotypes. Normally-sized polyploid epithelial cell nuclei (p) and giant epithelial cell nuclei (g), as well as fibroblasts (1, 3 − f) and muscle cell nuclei (4, 5 − ms) in close contact with the Malpighian tubules are seen. Heterochromatic areas (h) are generally well-discriminated from euchromatic areas (e). Normally-sized polyploid nuclei and a giant nucleus with apoptotic characteristics are indicated (2, 3 − arrows). Bars, 10 µm.
quently, nuclei pertaining to the 2 C and 4 C classes and with intermediary Feulgen-DNA amounts due to S/G2 phases of the cell cycle are present. In comparison with the values contained in the lower Feulgen-DNA class for the analyzed fibroblasts and muscle cells (2 C), the Feulgen-DNA values for Malpighian tubule epithelial cells revealed nuclei with normal phenotypes distributed in the intervals ranged as 32 C (∼144-288 A.U.) and 64 C (∼288-576 A.U.) classes (Fig. 10) , which is in agreement with previously reported findings (Mello 1971 (Mello , 1975 . A few giant nuclei had Feulgen-DNA amounts higher than those corresponding to the 64 C class (Fig. 10) .
Nuclear features typical of cells involved in apoptosis consisted of nuclear shrinkage, chromatin condensation and apoptotic vesicles (Figs. 2, 3 , 6-8). Although scanty in the Malpighian tubules, the apoptotic nuclei had Feulgen-DNA values in the 32 C, 64 C and > 64 C classes (Fig. 10) . The apoptotic nuclear images corresponding to ploidies of the Feulgen-DNA classes 32 C and 64 C frequently occurred in pairs (Figs. 2, 6, 7) . Some of the apoptotic nuclei had Feulgen-DNA amounts slightly smaller than those of the C classes mentioned above (Fig. 10) . In our opinion, this lower content resulted from some loss of DNA during cell death; in addition, apoptosis might have increased the susceptibility of the DNA to solubilization during Feulgen acid hydrolysis. The presence of different ploidies (32 C, 64 C) produced by DNA endoreplication during insect development (Mello 1971 (Mello , 1975 or resulting from nuclear/cellular fusion elicited by stress conditions (> 64 C) (Wigglesworth 1967; Mello 1978 Mello , 1989 Andrade and Mello 1987) did not influence the susceptibility of the Malpighian tubule cells of T. infestans to apoptosis. All nuclei with different polyploidies were susceptible to apoptosis. This finding is in agreement with the demonstration that nuclei with different ploidies in mammalian liver cells respond equally to apoptotic inducers such as inflammatory cytokines (Martin et al. 2002) .
The observation of pairs of apoptotic nuclei in the Malpighian tubules of T. infestans indicated that although the nuclear composition and physiology of the nuclei in a binucleate cell may differ from each other (Simoni and Mello 1986; Mello and Vidal 1989) , these nuclei respond to apoptosis in a similar manner. In this case, plasmalemmal and cytoplasmic events most likely precede the nuclear events.
The giant nuclei seen in some organs of bloodsucking hemipterans in response to fasting and heat shock have been considered to represent a mechanism of cell survival in response to physiologically unfavorable conditions (Wigglesworth 1967; Mello 1989; Garcia et al. 2002) . However, the finding that some of these giant nuclei were also susceptible to apoptosis as shown here may mean that they are not equally effective in dealing with the metabolic deficiencies caused by stressful mechanisms.
